Abstract
Introduction
The Brazilian Ministry of Health defines Hospital Infection (HI) as that which is acquired during or after hospitalization, being possibly related to hospitalization or hospital procedures. HI has epidemiological significance and important economic costs [1] . HI usually depends on the severity of patient disease at hospitalization, the nutritional status, diagnostic and therapeutic procedures, length of hospital stay, routine care, technical procedures and other features [2] . HI occurs mainly in patients with multiple invasive procedures that are in Intensive Care Unit (ICU), usually with a kind of imunosupression that requires antibiotic therapy [3] .
Species of Staphylococcus are common in HI [4] and S. aureus methicillin resistant (MRSA) has also become a serious problem in Brazilian HI. A total of 28% prevalence of S. aureus resistance to methicillin/oxacillin was found in HI at a Hospital in Salvador/BA. The highest detection was observed at patients in the ICU (59%), hemodialysis (43%), infectious diseases (34%) and neonatal units (18.5%) compared with the other local hospital [5] .
MRSA isolates require phenotypic and genotypic characterization. Staphylococcal Chromosome Cassette mec (SCCmec) is a mobile genetic fragment in the chromosome of methicillin-resistant S. aureus (MRSA), of the mecA gene. Other genetic elements may also be present, such as genes for resistance to ß-lactam antibiotics and heavy metals. Six types of SCCmec have been identified [6] .
Knowledge of S. aureus virulence and pathogenicty aids in better understanding the diversity of infections due to exotoxins and surface virulence factors with adhesive properties for a range of molecules (MSCRAMMs). Among these, exotoxins are superantigens, some named enterotoxins A-E, G-K, M-O and Q, exfoliative toxins A and B, toxic shock syndrome toxin-1 as well as, Panton-Valentine leukocidin [7] . Biofilm production is another mechanism of therapy resistance and pathogenicity. Extracellular polysaccharide substances cause bacterial clusters in multilayer biofilm and inhibit the action of antibiotic and the immune system [8] . Based on these data, the aim of this study was to characterize the pathogenicity of MRSA and methicillin-sensitive Staphylococcus aureus (MSSA) isolated in two public hospitals in Vitória da Conquista-Bahia State (BA).
Methods

Staphylococcus aureus Isolates
The clinical isolates were obtained in a previous study [9] from intensive care unit environments and equipment surfaces in two public hospitals in the city of Vitória da Conquista, Bahia State, Brazil. The sampled sites were: floors, hospital cots, hospital cot control panels, heart monitors, hospital ventilator control panels, infusionpump control panels, blood-gas analyzer control panels, hospital incubators, telephones, scales, doors, tables, hospital beds, cabinets, emergency carts, medication carts, computers, air conditioners, faucets, handles, hospital countertops and prescription documents. S. aureus was isolated from 98 sites and 31 were MRSA. All MRSA isolates showed SCCmec type III genotype characteristics of the Brazilian epidemic clone associated with nosocomial infection [9] . And also, 60 MSSA were isolated from the sites of the hospital. The assays were done with 31 MRSA and 60 MSSA isolates.
Genotypic Characterization to Pathogenic Genes
Staphylococci cultures in 2 mililiter (mL) of TSB medium were harvested for DNA extraction [10] . The isolates were submitted to PCR for detection of genes; sea (Staphylococcal enterotoxins type A), seb (Staphylococcal enterotoxins type B), sec (Staphylococcal enterotoxins type C), PVL (Panton-Valentine Leucocidin), ClfA (Clumping factor) and spa (IgG-binding and X-region of protein A fragments) [11] . The primer sequences of the sea, seb, sec, PVL, spa and CflA genes are described in Table 1 . The reaction volume was 50 mL containing 5 mL PCR buffer (500 mM KCl, 200 mM Tris, pH 8.4), 50 mM of each dNTP (dATP, dCTP, dGTP, and dTTP), 2.0 mM MgCl 2 , 20 pmol of each primer, 2.5 mL of the chromosomal DNA to be tested, and 1.5 units Ampli Taq DNA polymerase. For detection of sea, seb and sec genes, the amplification reaction consisted of one cycle at 94˚C for 5 minutes, followed by 35 cycles at 94˚C for 1 minute, 58˚C for 30 seconds and 72˚C for 1 minute, and a final cycle at 72˚C for 5 minute. For detection of PVL, ClfA and Spa genes, the amplification reaction consisted of one cycle at 94˚C for 5 minutes, followed by 35 cycles at 94˚C for 1 minute, 58˚C for 30 seconds and 72˚C for 1 minute, and a final cycle at 72˚C for 5 minute. The Polymerase chain reaction (PCR) amplified products were electrophoresed in 1% agarose with 0.5 mg ethidium bromide in 0.5 x Tris-EDTA electrophoresis buffer at 100 V and photographed in a UV transilluminator.
Biofilm Production
Biofilm assays were performed in 96-well polystyrene microplates, using trypticase soy broth (TSB) with 1% (w/v) glucose (TSB-1% Glc) [12] . Briefly, cultures of staphylococi in 5 mL were incubated in a shaker with 250 rpm at 37˚C for 18 hours (h). Cultures were diluted 1:100 in TSB-1% Glc and 200 mL were inoculated into each well. The microplate was incubated at 37˚C for 20 h. Supernatants were removed from each well and biofilms were gently washed twice with PBS, then dried and fixed at 65˚C for 1 h. Finally, the plates were stained with crystal violet 1% used in Gram-stain and gently washed twice with PBS. The absorbance at 492 nanometers (nm) was calculated in a spectophometer. The samples were compared with cultures of Streptococcus pyogenes ATCC75194. The S. aureus isolates were classified as non-biofilm producers, weak producers, moderate producers, producers, and strong producers. Because the production of biofilm depends on phase variation, tests were repeated four times. At least two independent experiments were carried out for each test. The cutoff point for the production was taken into account, the absorbance obtained by S. pyogenes (O.D.492 0.07). The mean value was used for the statistical calculation. In addition, to confirm the differences between biofilm phenotypes, as determined by BU values, confocal laser scanning microscopy (CLSM) was used to obtain the structural images of the biofilms [13] . Here, the biofilm assays were performed at the same way, but after being fixed, the bacterial cells were stained with 25 nanomoles (nM) SYTO9 and propidium iodide (Live/Dead Bacteria-Invitrogen) for 15 minutes (min) in the dark. The stain was gently removed and biofilms were observed with a Confocal Laser Scanning Microscope-CLSM (Carl Zeiss LSM 510, Germany, equipped with Argon laser, 488 nm, and 2 helium/neon 543 nm wavelengths) to visualize the luminescence of fluochromes.
Cytokine Induction in Murine Macrophages
Staphylococcal cells were homogenized in 0.9% sodium chloride solution and the suspensions were adjusted to 0.5 × 10 8 CFU/mL by spectrophotometer. Then an aliquot of 100 mL was mixed with 2 ml of Minimum Essential Medium-MEM with 2mM of L-glutamine and Earl´s balanced salts, supplemented with 10% of fetal calf serum (Cult Lab, São Paulo, Brazil), and incubated in a shaker at 250 rpm at 35˚C for 24 hours. Subsequently, the cultures were filtrated through 0.22 micrometer (mm) pores. The filtrates were inoculated into J774 murine macrophages. The sets of inoculated cells were incubated at 37˚C in 5% CO 2 atmosphere for 24 h. The supernatants were removed and the cytokines Tumor necrosis factor alpha (TNF-α), Interleukin 1 (IL-1), Interleukin 6 (IL-6) and Interleukin 10 (IL-10) were measured using enzyme-linked immunosorbent assay (ELISA), according to manufacturer instructions (eBioscience, San Diego, CA).
Statistical Analysis
Data were analyzed using GraphPad software. A nonparametric test, the Mann-Whitney U test was used to compare continuous variables between MRSA and MSSA data. Data was considered statistically significant at the p < 0.05 level.
Results
Genotypic Characterization to Pathogenic Genes
The MRSA and MSSA samples were genotyped by PCR for detection of genes sea (enterotoxin A), seb (B), sec (C), PVL (Panton-Valentine Leukocidin), ClfA (Clumping Factor A) and spa (protein A). Three strains of MRSA (9.68%) expressed the sea gene, one (3.23%) Seb, 17 (54.84%) spa and seven (22.58%) had PVL. Two MSSA strains (2.98%) expressed the sea gene, three (4.48%) Seb, 18 (26.87%) spa and 11 (16.42%) showed positive results to PVL gene. There was no expression of sec and CflA between MRSA and MSSA strains (Table 2).
Biofilm Production
The biofilm production of S. aureus isolates were observed among MRSA and MSSA strains of both hospitals. Among the 31 MRSA, six (19.35%) were not biofilm producers, six (19.35%) were low producers, five (16.13%) moderate producers, six (19.35%) were producers and eight (25.81%) were high producers. Among the 60 MSSA samples, four (6.67%) were low producers, 14 (23.33%) were low producers, 14 (23.33%) moderate producers, 17 (28.33%) were producers and 11 (18.33%) were high producers ( Table 3) . Biofilm formation with a thickness of about 19 µm is shown in Figure 1 . There was no statistical difference in biofilm production between MRSA and MSSA isolates (p > 0.05), Mann Whitney test, GraphPad Prism ® (Figure 2 ).
Cytokine Induction in Murine Macrophages Assay
The analysis of cytokine induction in the inflammatory response of J774 macrophages by MRSA and MSSA isolates did not show statistical difference in the levels of IL-6 (Figure 3) , TNF-a (3B), IL-1 (3C) and IL-10 (3D) 
Discussion
Critically, ill patients in ICU are especially vulnerable to HI compared to patients in other hospital units. Some studies have found that ICU patients are 5 to 10 times more likely to acquire an HI, and that this sector can accommodate approximately 20% of all hospital infections [14] [15] . S. aureus is part of the human microbiota; however, it is an important causative agent of infections related to health care service, including bacteremia, pneumonia, osteomyelitis, endocarditis and toxic shock syndrome [16] [17] . This bacterium can also cause disease in both healthy individuals as well as in immunocompromised individuals [18] . According to Souza and Figueredo [16] , about 70% of the isolates of S. aureus causing infections related to primary health care in Brazilian hospitals are MRSA. The range of prevalence of HI by S. aureus in Brazil is from 17% to 26%, and about 70% to 100% are caused by multidrug-resistant strains [19] . In the United States there is about 94,000 individuals infected with MRSA and about 18% result in death. Most invasive MRSA infections (86%) occurred in individuals with previous exposure to a hospital environment or the health care service [20] .
S. aureus has different mechanisms of virulence, pathogenicity and favors the development of antibiotic resistance and increases vulnerability to infection [19] . Infections associated with biofilm production are generally recurring, since the conventional antimicrobial therapy predominantly eliminates planktonic forms, leaving the sessile cells free to reproduce and propagate the biofilm after treatment. In even worse situations, the bacteria in biofilms are more protected against the host immune system. Typical examples of biofilm-associated diseases include infections caused by heart valve implants, catheters, and contact lenses, among others [21] .
In the present study, the biofilm production of MRSA and MSSA isolates was detected, however, there was no statistical difference among both types of S. aureus and sampled hospitals. There are few studies in the literature about the biofilm production of staphylococci isolates recovered from hospital environments. Smith et al. [22] studied MRSA isolates from a hospital and found that 25.7% were low biofilm producers, 53.8% were moderate and 20.5% were biofilm producers. In the same study, compared to MSSA isolates, 28.5% were non-biofilm producers, 43.5% were moderate and 28.0% were biofilm producers. The data indicate that there is no correlation of methicillin resistance and the ability to produce biofilm. Similarly, the other study [23] found that 45% of MRSA and 66% of MSSA were biofilm producers, and there was also no relationship with antibiotic resistance. The differences of the biofilm producers and antibiotic resistant isolates may be related to places of isolation and geographical variation in the different genotypes of MRSA. The non relationship of the MRSA and biofilm-producing isolates may be explained by the adhesion phase of bacterial cells, which is an approximation of the surface of the biofilm microorganisms making the bacteria susceptible to the antimicrobial action [22] [24].
Biofilm producing bacteria are also important to human health mainly in hospital transmission [25] . This feature is related to the high incidence of local and systemic infections, the restriction of the antimicrobial treatment, increase of health care costs and mortality [21] . Another study [26] reported that 65% of bacterial human infections may be associated with biofilm production. This may be caused by devices implanted in patients, such as vascular and urinary catheters, which may increase morbidity and mortality.
In the present study, some virulence genes were analyzed in MRSA and MSSA isolates. The sea, seb, spa and PVL genes were detected in both staphylococci biotypes, but not the sec and CflA genes. The virulence genes of S. aureus described in the literature show variations. In Brazil, a study [26] detected that PVL was rarely present in MRSA and MSSA hospital isolates. In the present study, the PVL gene was detected in seven MRSA isolates and eleven isolates MSSA, a total of eighteen (18/50). Souza et al. [26] , for the gene seb, found that it was de-tected in three MSSA isolates (3/50) and in four isolates MRSA (4/50), collectively accounting for 3.3% of the total isolates analyzed (7/214). Kim et al. [27] observed that none of the MRSA isolates of the SCCmecIII type carried the seb and sec genes. These results are consistent with the present study in regard to sec gene detection. Other authors studied MRSA and MSSA isolates obtained from a University Hospital and more frequently detected the genes related to toxins (sea, seb, sed, seg, sei, sej, and eta) , and, the pvl, tst and sec genes were more frequent in MSSA [28] . Aung et al. [7] verified that the MRSA clinical strains had only a few or no staphylococcal enterotoxin (SE) genes, whereas the PVL gene was detected in MSSA and MRSA isolates recovered from a healthy adult possessing an enterotoxin gene cluster (seg, sei, sem, sen, seo, and selu) .
In another study, approximately 50% of all isolates produced at least one enterotoxin and 21.5% of the S. aureus isolates from produced PVL. Genes encoding clumping factor B, and elastin and laminin binding proteins were detected in almost all isolates (80%), irrespective of the geographical origin [29] . Despite the fact that these genes are carried by mobile genetic elements and, thus, could theoretically be present or absent in different isolates of a specific lineage, the existence of a correlation of a specific clone type and superantigen profiles, in a hospital or in a geographical area, should be investigated in order to trace potential staphylococcal virulence syndrome-associated isolates.
No statistical difference was obtained among the studied staphylococcal isolates for the production of inflammatory cytokines. In fact, these compounds are induced mainly by the exocellular lipoteichoic acid of S. aureus [30] . In animal models, lipoteichoic acid can induce features of sepsis such as delayed circulatory failure with hypotension and multiple organ failure [31] . Jones et al. [32] demonstrated that the staphylococcal exocellular lipoteichoic acid is a potent activator of pro-inflammatory cytokines (TNF-a, IL-6 and IL-1) and nitric oxide in a murine macrophage cell line. The exocellular lipoteichoic acid is significantly more active than that of lipoteichoic acid, peptidoglycan or wall teichoic acid, especially for TNF-a and nitric oxide production. Other virulence factors could be associated with the intensive inflammatory response, such as PVL [33] or entetotoxin [34] but in the present study, the relationship between the presence of these genes and increased production of cytokines was not observed.
The incidence of infections by staphylococci, mainly S. aureus, has risen significantly over the past two decades. This follows the increased use of implanted medical devices such as central venous catheters, continuous ambulatory peritoneal dialysis catheters, prosthetic hip joints, and cardiac and vascular prostheses. Understanding the mechanisms of pathogenesis of S. aureus could provide important clues to both preventing and treating infection caused by these organisms. Although products such as extracellular slime, lipase, haemolysins and receptors for collagen, lami laminin, vitronectin and fibronectin enhance pathogenicity of S. aureus, no single determinant has proven to be essential for virulence. The importance of identify early S. aureus in hospitals is becoming increasingly urgent because of its high prevalence and its resistance mechanisms, which is crucial to its considerable virulence. Consequently, patients submitted to antimicrobial therapy, prolonged hospitalization and the use of invasive devices are more inclined to acquire a HI. The findings of this study should assist in reducing the occurrence of nosocomial infections and, therefore, the morbidity, mortality and socio-economic burden caused by prolonged hospitalization.
